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ABSTRACT
The Alice UV spectrograph aboard NASA’s New Horizons mission is sensitive to MeV electrons that
penetrate the instrument’s thin aluminum housing and interact with its microchannel plate detector.
We have searched for penetrating electrons at heliocentric distance of 2-45 AU, finding no evidence of
discrete events outside of the Jovian magnetosphere. However, we do find a gradual long-term increase
in the Alice instrument’s global dark count rate at a rate of ∼ 1.5% per year, which may be caused
by a heightened gamma-ray background from aging of the spacecraft’s radioisotope thermoelectric
generator fuel. If this hypothesis is correct, then the Alice instrument’s global dark count rate should
flatten and then decrease over the next 5-10 years.
When NASA’s New Horizons spacecraft flew past Jupiter for a gravity assist in 2007, we discovered that the UV
spectrograph, Alice (Stern et al. 2008), is sensitive to electrons with energies > 1MeV, which penetrate the instrument’s
thin aluminum housing and interact with its microchannel plate detector (Steffl et al. 2012). Subsequently, the Alice
instrument team regularly scheduled observations in High Energy Electron Test (HEET) mode to search for MeV
electrons elsewhere in the solar system. HEET measurements were obtained when the Alice aperture door was closed
and the high-voltage power was on, excluding times when the spacecraft was near Jupiter or when the Sun was in the
solar occultation aperture. This same filtering was retroactively applied to identify suitable measurements obtained
throughout the mission flight.
Alice acquired 352 sequences containing 181,567 HEET measurements, where a sequence is a continuous period of
HEET measurements during which the underlying instrument properties are constant, and a HEET measurement is a
“dark” global count rate taken at either 1- or 30-second cadence. HEET sequences were collected between May 2006
and September 2019 at heliocentric distances of 2-45 AU. Alice obtained HEET data during 66% of the time in which
its high-voltage supply was powered on; however, the Alice high-voltage supply has only been powered on for ∼ 1% of
the mission to date. This creates a challenge when comparing to other New Horizons particle detection instruments;
e.g., SWAP (20 eV < E < 7.5 keV; McComas et al. 2008) and PEPSSI (E < 1 MeV; McNutt et al. 2008), collect
data nearly continuously, so they have a higher likelihood of detecting discrete changes in the spacecraft’s particle
environment than Alice, albeit at lower energies.
HEET measurements were corrected to remove instrumental “stim pulse” events and correct for high-voltage changes
and detector temperature variations. Figure 1 (Panel A) shows the mean count rate of each sequence, which increases
gradually over time. The cause of this increase is unclear. SWAP and PEPSSI do not observe similar trends in the
spacecraft’s particle environment, nor can this trend be explained by aging of the instrument.
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Figure 1. Alice count rate variations at different time scales. Panel A shows the gradual long-term increase at a rate of ∼ 1.5%
per year. Panel B shows all sequences taken within 1 month of the sequence highlighted in Panel A; the variations on this time
scale are random and within the statistical noise. Panel C shows the most statistically significant outlier in the dataset compared
to a subset of measurements in the same sequence. The outlier represents a 5.4σ deviation above the mean and belongs to the
sequence highlighted in Panels A and B; the horizontal lines show the sequence mean and standard deviation from Panel B.
It is conceivable that this long-term increase is caused by changes in the spacecraft’s relativistic particle environment
that are undetectable by other instruments. However, the flux of relativistic electrons from Jupiter decreases at ∼ 2%
per AU at R > 11 AU (Eraker 1982), and galactic cosmic rays, mostly protons, do not dominate the relativistic particle
environment until larger heliocentric radii (Stone et al. 2013; Webber 2018). Another hypothesis is that the gradual
increase in Alice count rate reflects a heightened gamma-ray background from aging of the spacecraft’s radioisotope
thermoelectric generator fuel (Cockfield 2006). If this hypothesis is correct, then the Alice HEET count rate should
flatten and then decrease over the next 5-10 years (Rinehart 2001).
Examining each HEET sequence individually, we find occasional high-σ outliers, but none are associated with a
coherent increase in count rate lasting more than 2-3 measurements. The most statistically significant outlier (5.4σ
above the sequence mean)1 is shown in Figure 1 (Panel C). Although the count rate is high there is no correlation with
adjacent HEET measurements, or with contemporaneous SWAP or PEPSSI measurements, suggesting that there is
no physical cause for this anomalous value. Examining all high-σ outliers individually, there is no correlation between
their occurrence in the Alice HEET sequences and increases in concurrent SWAP and PEPSSI particle detection rates
or penetrating radiation events, unlike what was seen in the the high-energy-electron rich environment of the Jovian
magnetosphere (Steffl et al. 2012).
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